ABSTRACT
plasma mass density based on the detection of geomagnetic FLRs. None of the earlier monitoring 30 systems, however, were "space weather" operational in the sense that they never produced quasi 31 real time products. The latitude coverage was also not sufficient to monitor the whole plasmas-32 phere. In contrast to the whistler method the FLR method can be used to infer the plasma mass 33 density even in the plasmatrough and to also identify the location of the plasmapause. We have 34 unified the isolated European efforts to call into being a joint European network, EMMA, with 35 stations ranging from Italy to the northern Finland (L-shells 1.6 -6.7). We use and upgraded 36 existing magnetometer networks (IMAGE), which were originally established for other purposes 37 and other requirements (resolution, sampling rate, timing), but the data of which are exploited for 38 plasmasphere observations as well. In accordance with these goals we will: we plan to use in-situ density and wave measurements to calibrate the two ground based meth-76 ods independently, overcoming the lack of common events in space and time. Monitoring of the 77 plasmasphere by whistlers and FLRs is the basic objective of this proposal, while the third (data-78 assimilative modeling of the Earths plasmasphere) uses these data to provide a high-fidelity model.
79
The fourth objective (identifying electron loss to the atmosphere from the different regions of the 80 plasmasphere) demonstrates one application of the new plasmasphere model in providing value 81 added information on the loss processes for use in radiation belts models making use of measure-82 ments by a third ground based network (AARDDVARK).
83
In the following, we discuss the techniques in more detail, presenting for illustration results on a 84 space weather event, a dual storm sudden commencement (SSC) which occurred on 3 and 4 August 85 2010, revealing how the four major objectives of PLASMON contribute to the analysis of an event. 
Automatic retrieval of equatorial electron densities and density profiles by

87
Automatic Whistler detector and Analyzer Network (AWDANet) 88 The cold electron density distribution of the plasmasphere cannot be easily measured routinely, but system that is capable of detecting whistlers and we use this system to process lightning-generated 95 whistlers with no human interaction. The AWDA system consists of two major blocks: the au- 
137 n eq is then calculated for each L.
138
The goal of this case study was to test and tune the AWA algorithm. Figure 2 shows a contour 139 map created from the all (L, n eq ) pairs using Delaunay triangulation to fill the gaps between the 140 scattered datapoints. It has to be noted, that this interpolation introduced artifacts due to the highly 141 uneven distribution of data points. Though the gaps between the time of events prevents us from 142 fully following the equatorial electron density variations during the study period, a slight (factor of 143 2) decrease can be seen after the first SSC and a more articulated decrease (factor of 3) after the 144 second one around L=3.5. The data point in the green circle is a knee whistler, propagating at the 145 plasmapause at L = 3.51 where the equatorial electron density is n eq = 152/cm 3 .
146
Though the data points are highly uneven both in space and time, we found six whistler traces
147
propagating approximately along the same field line about 1-2 days apart. for processing through the internet every 15 minutes.
182
The first step of the EMMA data processing is the detection of FLRs. This is done by applying occur.
231
We also evaluated for different L-shells the daytime refilling rate from the ionosphere during 232 each of the three days preceeding the storm and each of the four days of recovery ( Table 2 ). The 
239
The results of Figure 5 also show an anomalous sharp increase of the resonant period and of the 240 inferred plasma mass density in the late evening of some days (e.g. on DoY 212, 214, 218, 219 The use of data assimilation in space physics is still in its infancy. Data assimilation methods are 249 used in ionospheric modeling (Bust et al., 2004; Bust and Crowley, 2007) and are beginning to be 250 used in radiation belt modeling as well (Reeves et al., 2012; Koller et al., 2007; Kondrashov et al., 251 2007; Fuller-Rowell et al., 2006) , and one example exists of using it to constrain a ring current 252 model using global ENA images (Nakano et al., 2008) . The relatively slow adoption of data assim-
253
ilation for magnetospheric physics may be connected to the relative sparsity of observations.
254
A variety of plasmasphere models are used as drivers to existing ring current and radiation belt 255 models to compute the loss processes (e.g. Fok et al. (1991 Fok et al. ( , 2001 Friedel et al. (2002) 
280
In all panels the black trace represents the assimilation output at the observations location, and 281 the green traces represent the uncertainty. In the case of the FLR observations we could obtain 282 model output even between observations because the FLR stations map to a fixed location. In the 283 not make sense to sample the assimilation model during times when no observations are available.
285
In general the agreement is good between the assimilation and the observations. A notable ex-286 ception is August 1, which we will return to in a moment. We used observation uncertainties of electrons will be subject to wave-particle interactions occurring inside, on, and outside the plasma- and throughout the night, such that the uncertainty is higher for these time periods (marked Zones
355
II through to IV in the Figure) . The top panel of Figure 9 shows the change in the received NDK propagation.
361
The lower panel of Figure 9 shows the change in the received NDK amplitude on a disturbed to precipitation during the night due to the more tenuous D-region (i.e., Rodger et al. (2010 D-region (i.e., Rodger et al. ( , 2012 .
368
The next step is for us to model the VLF propagation conditions, and then estimate the precipitating 369 flux levels for different times of day in order to reproduce the amplitude perturbations using the 370 approaches outlined in Rodger et al. (2012) . This is a necessary part of our plan to achieve one of In those panels the blue trace represents the plasma density obtained from a reference model using a electric field derived from the K P index. Panels 4 and 5 are results for the Dunedin VLF station. Panel 4 is the density at the innermost L-shell of a VLF whistler group, and panel 5 is at the outermost L-shell. All densities are in cm −3 . The red points are the observations. In the case of Dunedin each point represents a different L-shell range, nominally in the L=3 to L=4 range. The black traces represent the average assimilation output and the green traces the uncertainty around it. For the FLR stations, which map to a fixed location, assimilation output can be obtained even when no observations are available. For the VLF observations it is not useful to obtain assimilation output without observations because each observations is at a different L-shell. 
